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(54) Controller for vehicle 

(57) A control apparatus for a vehicle includes a 
power transmitting system between an engine and 
wheels. The transmitting system has a continuously var- 
iable transmission (CVT) and a motor-generator actu- 
ated in one of a regenerating operation mode and an 
assisting operation mode. The motor-generator serves 
as a generator in a regenerating operation mode and as 
a motor in an assisting operation mode. The apparatus 
includes an electric control unit (ECU) that determines a 
shift of engine speed, computes the total amount of 
torque of the engine, the CVT and the motor-generator 
and selects one of the operation modes and actuates 
the motor-generator base on the selected operation 
mode to corrects the engine speed. 
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Description 

The present invention relates to vehicle controllers, 
and more particularly, to vehicle controllers provided 
with a continuously variable transmission and a motor- 
generator. 

Vehicles engines are generally provided with an 
alternator to generate electric power and a starting 
motor to start the engine. A motor-generator that com- 
bines the functions of both an alternator and a starting 
motor has recently been proposed for engines, The 
motor-generator basically includes a rotary shaft, a 
rotor core, and a stator core. The rotary shaft rotates 
integrally with a crankshaft, which is rotated by the 
engine. The rotor is provided on the rotary shaft. A wire 
is wound about the rotor. The stator core is fixed to an 
engine body. A stator wire is wound about the stator 
core to constitute an inductor. A voltage having a prede- 
termined frequency is applied to the motor-generator's 
stator wire to produce a rotary magnetic field, the fre- 
quency of which is advanced with respect to the rotating 
speed of the rotary shaft. This causes the motor-gener- 
ator to function as a motor. The rotational drive force of 
the motor applies a force to start the engine. When the 
vehicle is traveling, the motor adds accelerating force to 
the engine. 

The motor -generator also functions as a generator 
when a rotary magnetic field having a frequency 
delayed with respect to the rotating speed of the rotary 
shaft is applied. In such a state, the motor-generator 
produces electric power. Proposals have been made to 
enhance the engine torque and to improve fuel con- 
sumption by motor-generators. 

For example, Japanese Unexamined Utility Model 
2-3101 describes a vehicle provided with a motor-gen- 
erator and a continuously variable transmission. The 
publication proposes methods to improve the energy 
balance of the engine, upgrade fuel consumption, and 
enhance engine maneuverability that includes factors 
such as the acceleration and deceleration ability. In this 
publication, the motor-generator functions as a genera- 
tor in correspondence with an engine brake. This 
decreases the engine speed by applying torque to the 
engine. However, the motor function of the motor-gener- 
ator is not effectively used to compensate the engine 
speed. 

The continuously variable transmission has a con- 
tinuous shifting characteristic and is thus optimum for 
the purpose of improving maneuverability. However, the 
continuously variable transmission has a few character- 
istic problems such as torque fluctuation caused by the 
moment of inertia that is applied to an input shaft of the 
transmission. Thus, the combination of the continuously 
variable transmission and the motor-generator may 
result in deficiencies. 

Accordingly, it is an objective of the present inven- 
tion to improve the performance of a continuously varia- 
ble transmission, provided in a vehicle together with a 
motor-generator, through the cooperation between the 



motor-generator and the variable transmission. 

Another objective of the present invention is to pro- 
vide a controller for a vehicle that compensates a torque 
level resulting from the moment of inertia in an engine, 
5 motor-generator, and a continuously variable transmis- 
sion. The compensation enables the speed to be accu- 
rate during operation. 

It is also an objective of the present invention to pro- 
vide a controller for a vehicle that ensures stable assist 
10 controlling of the engine regardless of an electric power 
source being in a low voltage state. 

A further objective of the present invention is to pro- 
vide a controller for a vehicle that enables manual shift 
down to be performed smoothly. 
is Another objective of the present invention of the 
present invention is to provide a controller for a vehicle 
that enables a balanced shifting value with respect to a 
target vehicle speed during operation. 

A final objective of the present invention is to pro- 
20 vide a controller for a vehicle that enables the rotating 
speed of the continuously variable transmission and the 
engine to be maintained in a substantially constant 
state. This enables the operating state to be maintained 
in a satisfactory state. 
25 To achieve the above objectives a control apparatus 
for a vehicle includes a power transmitting system 
between an engine and wheels. The transmitting sys- 
tem has a continuously variable transmission (CVT) and 
a motor-generator actuated in one of a regenerating 
30 operation mode and an assisting operation mode. The 
motor-generator serves as a generator in a regenerat- 
ing operation mode and as a motor in an assisting oper- 
ation mode. 

In one aspect of the present invention, the control 
35 apparatus includes determining means for determining 
a shift of engine speed, computing means for computing 
a total moment of inertia of the engine, the CVT and the 
motor-generator, and correcting means for correcting 
the engine speed. The correcting means selects one of 
40 the operation modes of the motor-generator to actuate 
the motor-generator based on the selected operation 
mode. 

In another aspect of the present invention, the 
motor-generator actuated in the regenerating operation 

45 mode charges power source to induce torque required 
for reducing the engine speed. A maximum chargeable 
voltage is determined based on a currently residual volt- 
age in the power source. The speed of the vehicle is 
manually shifted. The control apparatus includes 

so detecting means for detecting the manual shift opera- 
tion for reducing a speed of the vehicle, computing 
means for computing the required torque based on the 
vehicle speed and an acceleration of the vehicle, com- 
paring means for comparing the required torque and the 

55 maximum chargeable voltage, and control means for 
controlling the motor -generator. The control means 
actuates the motor-generator in the regenerating opera- 
tion mode based on the required torque being smaller 
than the maximum chargeable voltage. The control 
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means controls to reduce the rotational speed of the 
CVT based on an excessive level of the required torque 
when the required torque is greater than the maximum 
chargeable voltage. 

In a further aspect of the present invention, the con- 
trol apparatus includes recognizing means for recogniz- 
ing a shift of the engine speed shift, and actuating 
means for actuating the motor-generator in one of the 
operation modes in accordance with the recognized 
shift of the engine speed- 
In still another aspect of the present invention, the 
motor-generator is actuated in one of the regenerating 
operation mode to charge a power source and reduce 
the engine speed and the assisting operation mode to 
increase the engine speed. The control apparatus 
includes hydraulic control means for controlling the 
CVT, and detecting means for detecting a temperature 
of fluid in the hydraulic control means being smaller 
than a predetermined magnitude. The predetermined 
magnitude is a minimum level for ensuring a start-up 
pressure of the fluid. The apparatus further includes 
determining means for determining an increase of the 
engine speed, computing means for computing torque 
required to reduce the engine speed in association with 
a delay of the start-up pressure of the fluid, and actuat- 
ing means for actuating the motor-generator in the 
regenerating mode to charge the power source with 
voltage based on the required torque. 

The features of the present invention that are 
believed to be novel are set forth with particularity in the 
appended claims. The invention, together with objects 
and advantages thereof, may best be understood by ref- 
erence to the following description of the presently pre- 
ferred embodiments together with the accompanying 
drawings in which: 

Fig. 1 is a schematic drawing of a vehicle power 
transmission system according to an embodiment 
of the present invention; 

Fig. 2 is an electric block diagram of the power 
transmission system; 

Fig. 3 is a characteristic diagram showing the rela- 
tionship between the engine speed and the torque 
of a motor-generator; 

Fig. 4 is a time chart of an output torque and a CVT 
input shaft rotating speed; 

Fig. 5 is a characteristic diagram showing the rela- 
tionship between the vehicle speed and an actual 
CVT input shaft rotating speed; 

Fig. 6 is a time chart of a CVT shift flag and a CVT 
input shaft rotating speed in a constant speed state; 

Fig. 7 is a time chart of the engine torque and a 
CVT input torque; 



Fig. 8 is a time chart of a belt pressing hydraulic 
pressure; 

Fig. 9 is a flowchart illustrating assist controlling 
5 and regeneration controlling of the motor-genera- 

tor; 

Fig. 10 is a flowchart illustrating assist controlling 
and regeneration controlling of the motor -genera- 
te tor; 

Fig. 11 is a flowchart illustrating assist controlling 
and regeneration controlling of the motor-genera- 
tor; 

15 

Fig. 12 is a flowchart showing a CVT shift restricting 
routine; 

Fig. 13 is a flowchart of the regeneration controlling 
20 during manual shift down; 

Fig. 14 is a flowchart of a routine for computing the 
maximum regeneration torque of the motor-genera- 
tor; 

25 

Fig. 15 is a flowchart of a control routine executed 
when the CVT is in a constant speed state; and 

Fig. 16 is a flowchart of a motor-generator control 
30 routine executed when the CVT oil temperature is 
low. 

An embodiment of vehicle controller according to 
an embodiment of the present invention will hereafter 

35 be described with reference to Figs. 1 to 15. 

Fig. 1 illustrates a vehicle transmission system. A 
casing 15a for a damper 15 connects a crankshaft 11a 
of an engine 11 to a rotor 13 of a motor-generator 12. 
The power of the engine 1 1 is transmitted to an input 

40 shaft 16 by way of the damper 15. The power transmit- 
ted to the input shaft 16 is conveyed to a forward/rear- 
ward shifting mechanism 17. The mechanism 17 is 
constituted from a double pinion type planet gear. When 
the mechanism 17 is engaged with an advancing clutch 

45 18, the mechanism 17 rotates integrally with the engine 
11 at a forward position. When the mechanism 17 is 
engaged with a retreating brake 19, the mechanism 17 
is maintained at a rearward position. The clutch 16 and 
the brake 19 also serve as a starting mechanism. The 

so power from the mechanism 1 7 is transmitted to an input 
shaft 20 of a continuously variable transmission (CVT) 
21. 

An output shaft 22 of the CVT 21 is connected to a 
gear type power transmission mechanism 23 consti- 
55 tuted by a plurality of gearsets. The mechanism 23 is 
connected to a differential gear 25 which is provided on 
an axle 24 with wheels (not shown) mounted thereon. 
The motor-generator 1 2 is accommodated in a housing 
27 together with the forward/rearward shifting mecha- 
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nism 1 7, the CVT 21 , the gear type power transmission 
mechanism 23, and the differential gear 25. The hous- 
ing 27 is fixed integrally to the engine 1 1 . 

The motor-generator 12 is provided with the rotor 

13 and a stator 14. The rotor 1 3 is constituted by a rotor s 
core that rotates integrally with the crankshaft 11a. A 
rotor wire 31 is wound about the rotor core. The stator 

14 is constituted by a stator core fixed to the housing 27. 
A stator wire 33 is wound about the stator core. An oil 
pump 26 is provided between the motor-generator 12 w 
and the CVT 21. The oil pump 26 is connected to and 
driven by the input shaft 1 6. 

A voltage having a predetermined frequency is 
applied to the stator wire 33 of the motor-generator 12 
to produce a rotary magnetic field which frequency is is 
advanced with respect to the rotating speed of the 
crankshaft 11a. This causes the motor-generator 21 to 
function as a motor. The rotational drive force of the 
motor-generator 12, produced from electric power, 
applies a force to start the engine 1 1 . When the vehicle 20 
is traveling, the motor-generator 12 adds accelerating 
force to the engine 1 1 . 

Alternatively, when a voltage of a different fre- 
quency is applied to the stator wire 33, the motor-gener- 
ator 12 produces a rotary magnetic field, the frequency 25 
of which is delayed with respect to the rotating speed of 
the rotary shaft. This causes the motor-generator 12 to 
function as a generator. 

The CVT 21 is constituted by a primary pulley 37 
provided on an input shaft 20, a secondary pulley 38 30 
provided on the output shaft 22, and a belt 39. The 
effective pitch diameter of the pulleys 37, 38 are varia- 
ble. 

The primary pulley 37 includes a fixed plate 40, 
which is fixed to the input shaft 20, and a movable plate 35 

41, which is slidably coupled to the input shaft 20. Both 
plates 40, 41 are conical and are arranged opposed to 
each other in a manner such that they define a V-groove 

42. The effective pitch diameter of the primary pulley 37 
becomes large as the movable plate 41 approaches the 40 
fixed plate 40 and becomes smaller as the movable 
plate 41 moves away from the fixed plate 40. 

The secondary pulley 38 includes a fixed plate 43, 
which is fixed to the output shaft 22, and a movable 
plate 44, which is slidably coupled to the output shaft 45 
22. Both plates 43, 44 are conical and are arranged 
opposed to each other in a manner that they define a V- 
groove 45. The effective pitch diameter of the second- 
ary pulley 38 becomes large as the movable plate 44 
approaches the fixed plate 43 and becomes smaller as so 
the movable plate 44 moves away from the fixed plate 
43. 

Hydraulic cylinders 46, 47 are provided behind the 
movable plates 41, 44 of the pulleys 37, 38, respec- 
tively, to slide the movable plates 41, 44. Both hydraulic 55 
cylinders 46, 47 are connected to a shift control valve 58 
(Fig. 2) which controls hydraulic pressure. 

When hydraulic oil is supplied to the hydraulic cylin- 
der 46 of the primary pulley 37, the movable plate 41 



slides along the shaft 20 toward the fixed plate 41 and 
increases the effective pitch diameter of the primary pul- 
ley 37. The effective pitch diameter of the secondary 
pulley 38 simultaneously becomes smaller. Accordingly, 
the gear ratio of the CVT 21 is altered to the accelerat- 
ing side. Contrarily, the effective pitch diameter of the 
primary pulley 37 becomes small and the effective pitch 
diameter of the secondary pulley 38 becomes large 
when hydraulic oil is discharged from the hydraulic cyl- 
inder 46. Accordingly, the gear ratio of the CVT 21 is 
altered to the decelerating side. Hydraulic oil is con- 
stantly supplied to the hydraulic cylinder 47 of the sec- 
ondary pulley 38 to maintain the tension of the belt 39 
adjusted at an appropriate level in accordance with the 
transmission torque. 

The electric structure of the control system will now 
be described with reference to Fig. 2. 

A rotating speed sensor 51, a throttle angle sensor 
52, and a vehicle speed sensor 53 are connected to an 
electronic control unit (ECU) 50. The rotating speed 
sensor 51 detects the rotary speed Ne of the engine 
crankshaft 1 1 a. The throttle angle sensor 52 detects the 
throttle angle THR of the engine 11. The vehicle speed 
sensor 53 detects the vehicle speed SPD. An input shaft 
rotating speed sensor 54, a shift range switch 55, and 
an oil temperature sensor 56 are also connected to the 
ECU 50, The input shaft rotating speed sensor 54 
detects the rotating speed (actual rotating speed) N in of 
the input shaft 20. The shift range switch 55 detects the 
gear position. The oil temperature sensor 56 serves as 
an oil detecting means that detects the temperature (oil 
temperature) T HO of the hydraulic oil in the CVT 21 . 

When the motor-generator 12 is started, a battery 
(electric power source) supplies electricity to the motor- 
generator 12 so that the motor-generator 12 functions 
as an electric motor. When the motor -generator 12 is 
not being started, a condenser having a large capacity 
is used as an electric power source to have the motor- 
generator function as an electric motor. 

The ECU 50 controls the energized state of the sta- 
tor wire 33 when the motor-generator 12 is started. 
More particularly, the ECU 50 applies a predetermined 
frequency voltage to the stator wire 33 when an ignition 
switch (not shown) sends an ON signal to the ECU 50. 
This causes the motor-generator 12 to function as an 
electric motor. Consequently, the input casing 15a of the 
damper 15 is rotated by the drive torque produced by 
the rotor 13. This rotates the engine crankshaft 1 la and 
starts the engine 1 1 . The ignition switch is maneuvered 
to an OFF position after the engine 1 1 is started. This 
results in the ECU 50 receiving an OFF signal. The ECU 
50 then stops energizing the stator wire 33 and causes 
the motor-generator 12 to enter a generating mode 
(regeneration mode). 

When the motor-generator 12 is not being started, 
the ECU 50 drives the motor-generator 12 as an electric 
motor based on detecting signals sent from various sen- 
sors and a control program instead of the ON signal 
sent from the ignition switch. 
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When the motor-generator 12 is operated in the 
regeneration mode, a predetermined frequency voltage 
is applied to the stator wire 33 to produce a rotary mag- 
netic field, the frequency of which is delayed with 
respect to the rotating speed of the crankshaft 1 1a. This 5 
causes the motor-generator 12 to function as a genera- 
tor. The consumed drive torque and generated electric 
power of the motor-generator 12 varies with respect to 
the engine rotating speed Ne in accordance with the 
value of a controlling electric current flowing through the w 
stator wire 33. In other words, the greater the value of 
the controlling electric current is, the greater the gener- 
ated electric power becomes. The drive torque (engine 
torque) consumed to obtain the generated electric 
power also becomes large. 15 

The ECU 50 reads the signals sent from various 
sensors connected thereto and controls the motor-gen- 
erator 12 based on the signals and various control pro- 
grams stored in an incorporated ROM. This enables the 
motor-generator 1 2 to function as a motor by performing 20 
regeneration controlling or to function as a generator by 
performing assist controlling. The ROM also stores var- 
ious maps that are used to process routines in various 
programs. 

During performance of assist controlling and regen- 25 
eration controlling, the electric power source of the 
motor-generator 12 is switched from the battery to the 
condenser (not shown). Accordingly, a voltage detector 
57, which detects the capacitor voltage V of the con- 
denser, is connected to the ECU 50. 30 

The ECU 50 controls the shift control valve 58 to 
actuate the CVT 21 . The gear ratio of the CVT 21 is con- 
trolled by feedback control. For example, a target rotat- 
ing speed N ino is set based on the throttle angle THR 
and the vehicle speed SPD, The actual rotating speed 35 
N in is feedback controlled so that it is set as the target 
rotating speed N ino . The ECU 50 also controls a clutch 
control valve 60 during clutch controlling in an optimum 
manner. 

The processing performed by the ECU 50 after the 40 
starting of the engine 1 1 will now be described with ref- 
erence to Figs. 8 to 15. 

Figs. 9 to 1 1 illustrate a flowchart of a routine that is 
executed by the ECU 50 to perform assist controlling 
and regeneration controlling of the motor-generator 12. 45 
Periodic interrupting is carried out every predetermined 
time period to execute the routine. When the ECU 50 
enters the routine, the ECU 50 judges whether an assist 
flag MG1 is set at zero in step S10. Since the assist flag 
MG1 is initially set at zero, the ECU 50 proceeds to step so 
S20. At step S20, the ECU 50 judges whether the 
regeneration flag MG2 is set at zero. Since the regener- 
ation flag MG2 is initially set at zero, the ECU 50 pro- 
ceeds to S30. 

At step S30, the ECU 50 judges whether the differ- ss 
ence between the throttle angle THR f and the throttle 
angle THR^ in the previous cycle exceeds a predeter- 
mined reference value A (A>0). If the difference 
between the throttle angles exceeds the reference value 



A, this indicates an accelerating state. If the difference is 
below the reference value A, this indicates that acceler- 
ating is not taking place. When an accelerating state is 
confirmed, the ECU 50 proceeds to step S50. When it is 
determined that accelerating is not taking place, the 
ECU 50 proceeds to step S40. At step S40, the ECU 50 
judges whether the difference between the throttle 
angle THRj and the throttle angle THR^) in the previ- 
ously cycle is lower than a predetermined reference 
value B (B<0). If the difference between the throttle 
angles is lower than the reference value B, this indicates 
a decelerating state. In this case, the ECU 50 proceeds 
to step S140. If the difference exceeds the reference 
value B, the ECU 50 determines that decelerating is not 
taking place. In this case, the ECU 50 terminates execu- 
tion of the routine. 

If the assist flag MG1 is determined to be set at one 
in step S10 or if an accelerating state is confirmed at 
step S30, the ECU 50 proceeds to step S50 and judges 
whether the difference between the target rotating 
speed N jno and the actual rotating speed N in exceeds a 
predetermined reference value N1 (N1>0). This is to 
judge whether the down shifting of the CVT 21 has been 
completed. 

Fig. 4 (a) illustrates a time chart of the target rotat- 
ing speed N jno and the actual rotating speed N jn . It is 
apparent from Fig. 4 that there is a delay in the actual 
rotating speed N in with respect to the target rotating 
speed N ino , Accordingly, the ECU 50 determines that 
the shifting has been completed in the case that the dif- 
ference between the target rotating speed N jno and the 
actual rotating speed N jn is smaller than the reference 
value N1. The target rotating speed N ino is computed 
from the throttle angle THR and the vehicle speed SPD, 
When the difference between the target rotating speed 
N jno and the actual rotating speed N in exceeds the ref- 
erence value N1 , the ECU 50 determines that shifting is 
being performed. In this case, the ECU 50 proceeds to 
step S60 and sets the assist flag MG1 to one. 

At step S70, the difference AN e (altering speed) 
between the engine speed N e and the engine speed 
N©(i-1) of the previous cycle is computed. The difference 
AN e corresponds to a rotating speed altering rate. In the 
same step, the difference AN in (altering speed) between 
the actual rotating speed N in of the CVT 21 and the 
actual rotating speed N^.^ of the CVT 21 is also com- 
puted. The difference AN jn corresponds to a rotating 
speed altering rate. The ECU 50 then proceeds to step 
S80 and reads the engine's moment of inertia l e , the 
motor-generator rotor's moment of inertia l r , and the 
CVT input shaft's moment of inertia l jn , which are stored 
in the ROM (not shown). These values are either 
obtained through experiments or are theoretical values. 

At step S90, the ECU 50 computes the inertia 
torque. In other words, the inertia torque T [e of the 
engine 11 is obtained through a function f(l e , AN 9 ), The 
function f corresponds to the equation of 
f(l e , AN e )=l 9 xKxAN e . K represents a constant 
related to the controlling cycle. In the same manner, the 
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inertia torque T| r of the motor-generator 12 and the iner- 
tia torque T| jn of the CVT 21 are respectively obtained 
from the functions f(l r , AN e ) and f(l jn , AlM in ). When the 
advancing clutch 18 is completely engaged, the engine 
crankshaft 11a and the input shaft 20 of the CVT 21 
rotate integrally. Thus, the engine speed N e coincides 
with the actual rotating speed N in of the input shaft 20. 
In this case, the inertia torque T| jn of the CVT 21 is 
obtained from the function f(l in , AN e ). The ECU 50 then 
proceeds to step S100 and computes the total inertia 
torque T| t . This computation is obtained from the equa- 
tion of T !tS T (e+ T lr+ T |in . 

At step S110, the controlling electric current value 
I M /q of the motor-generator 12 is obtained through a 
map stored in the ROM. As shown in Fig. 3, the map is 
three-dimensional and includes the engine speed N e , 
the inertia torque T ltl and the controlling electric current 
value l n . These values are obtained through experi- 
ments. As shown in the map of Fig. 3, the controlling 
electric current value \ WG , which corresponds to the 
inertia torque T !t and the engine speed N e , is selected 
from l 1t l 2l l 3 , etc. (l 1 >I 2 >l 3 >ln > n=4, 5, 6, ...). The ECU 
50 then proceeds to step $120 and sends a controlling 
electric current value l M/G , computed in step S1 10, to 
the motor-generator (M/G) 12 and performs assist con- 
trolling of the motor-generator 12. In other words, the 
motor-generator 12 is driven as an electric motor by a 
power corresponding to the torque T it . The routine is ter- 
minated after execution of step S120. 

When the difference between the target rotating 
speed N jno and the actual rotating speed N in of the input 
shaft 20 is lower than the reference value N1 in step 
S50, the ECU 50 determines that shifting has been 
completed and proceeds to step S130 to reset the 
assist flag MG1 to zero. The ECU 50 also stops per- 
forming assist controlling and terminates execution of 
the routine. 

When the assist flag MG2 is set at one in step S20 
or when decelerating is confirmed in step S40, the ECU 
50 proceeds to step S1 40 and judges whether the differ- 
ence between the target rotating speed N jno and the 
actual rotating speed N jn is lower than a reference value 
N2(N2<0). In other words, the CVT 21 is up shifted 
when decelerating. Thus, the ECU 50 judges whether 
the shifting has been completed. Fig. 4(a) illustrates the 
time chart of the target rotating speed N ino and the 
actual rotating speed N in . It is apparent from Fig. 4 that 
there is a delay in the actual rotating speed N in with 
respect to the target rotating speed N jno . Accordingly, 
the ECU 50 determines that the shifting has been com- 
pleted in the case that the difference between the target 
rotating speed N jno and the actual rotating speed N in 
exceeds the reference value N2. When the difference 
between the target rotating speed N jno and the actual 
rotating speed N in is lower than the reference value N2, 
the ECU 50 determines that the CVT 21 is still shifting 
and proceeds to step S150 to set the regeneration flag 
MG2 to one. 

At step 160, the absolute value of the difference 



AN e (altering speed) between the engine speed N 6 and 
the engine speediN e ( M ) of the previous cycle is com- 
puted. The difference AN e corresponds to the rotating 
speed altering rate. The absolute value of the difference 

5 AN jn (altering speed) between the actual rotating speed 
N jn of the CVT 21 and the actual rotating speed N jr1 ( M ) 
of the CVT 21 in the previous cycle is computed. Step 
S160 serves as a second detecting means. The ECU 50 
then proceeds to step 170 and reads the engine's 
70 moment of inertia l e , the motor-generator rotor's 
moment of inertia l r , and the CVT input shaft's moment 
of inertia l jn , which are stored in a ROM. 

At step S180, the ECU 50 computes the inertia 
torque. The ECU 50 obtains the inertia torque T, G of the 

75 engine 1 1 through the function f(l e , AN e ). The function f 
corresponds to the equation of f(te, ANe)=l G xKxAN e . 
K represents a constant related to the controlling cycle. 
In the same manner, the inertia torque T, r of the motor- 
generator 12 and the inertia torque T jin of the CVT 21 

20 are respectively obtained from the function f(l n AN e ) and 
the function f(l jn , AN in ). When the advancing clutch 18 is 
completely engaged, the engine crankshaft 1 1a and the 
input shaft 20 of the CVT 21 rotate integrally. Thus, the 
engine speed N e coincides with the actual rotating 

25 speed N in of the input shaft 20. In this case, the inertia 
torque T Nn of the CVT 21 is obtained from the function 
f(l jn , AN e ). The ECU 50 then proceeds to step S190 and 
computes the total inertia torque T !t . This computation is 
obtained from the equation of T !t =T , e +T | r +T )jn . 

30 At step S200, the controlling electric current value 
l M/G of the motor-generator 12 is obtained through a 
map stored in the ROM. As shown in Fig. 3, the map is 
three-dimensional and consists of the engine speed N e , 
the inertia torque T )t , and the controlling electric current 

35 value l n . These values are obtained through experi- 
ments. As shown in the map of Fig. 3, the controlling 
electric current value I^/g. which corresponds to the 
inertia torque T )t and the engine speed N e is selected 
from l 101) l 102 , l 103 , etc. (lioi< l i02< l i03< l m. m-104, 105, 

40 106, ...). The ECU 50 then proceeds to step S210 and 
sends a controlling electric current value I^/q. obtained 
in step S200, to the motor-generator 12 (stator wire 33) 
and performs regeneration controlling of the motor-gen- 
erator 12. In other words, the motor-generator 12 

45 serves as a generator and regenerates electric current 
and also charges the condenser (not shown). The 
regeneration controlling enables electric power to be 
obtained. However, drive torque is consumed to obtain 
the electric power. The routine is terminated after exe- 

so cution of step S210. 

When the difference between the target rotating 
speed N ino and the actual rotating speed N jn exceeds 
the reference value N2 in step Si 40, the ECU 50 deter- 
mines that the shifting has been completed and pro- 

55 ceeds to step S220 to reset the regeneration flag MG2 
to zero. The ECU 50 also stops performing assist con- 
trolling and terminates execution of the routine. 

At steps S70 to S120, the decrease in the level of 
the inertia torque, which is caused by an increase in 
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rotating speed due to the engine's moment of inertia l e , 
the motor-generator rotor's moment of inertia ! r , and the 
CVT input shaft's moment of inertia l int is computed. 
The computed decrease in torque is replenished by the 
motor-generator 12. As a result, a torque decrease is 
prevented since the motor-generator 12 compensates 
(assists) the torque decrease caused by inertia. The 
area indicated by slanted lines between a line repre- 
senting controlling of the motor-generator (M/G) and a 
line representing non-controlling of the motor-generator 
(M/G) in Fig. 4(b) illustrates an assist area, or the com- 
pensated torque decrease. 

At steps S160 to S210, the input system inertia 
torque during a decrease in rotating speed due to the 
engine's moment of inertia l e , the motor-generator 
rotor's moment of inertia l r , and the CVT input shaft's 
moment of inertia l in is computed. The motor-generator 
12 regenerates electric power that corresponds to the 
computed torque decrease. As a result, torque shocks 
that are produced during up shifting are reduced by 
regenerating the input shaft inertia torque with the 
motor-generator 12. The area indicated by slanted lines 
between the line representing controlling of the motor- 
generator (M/G) and the line representing non-control- 
ling of the motor-generator (M/G) in Fig, 4(b) illustrates 
a regeneration area, or the compensated torque 
decrease. 

Furthermore, at step S50, the ECU 50 determines 
that the acceleration of the CVT 21 has been completed 
when the difference between the target rotating speed 
N jno and the actual rotating speed N jn of the CVT 21 is 
lower than the reference value N1. The torque assist of 
the motor-generator 12 is terminated at the point of time 
when the acceleration is stopped. This coincides the 
torque assist completion timing of the CVT 21 and the 
motor-generator 12. As a result, the fluctuation of the 
drive force is reduced. 

In addition, at step S140, the ECU 50 determines 
that the deceleration of the CVT 21 has been completed 
when the difference between the target rotating speed 
N ino and the actual rotating speed N in of the CVT 21 
exceeds the reference value N1. The regeneration con- 
trolling of the motor-generator 12 is terminated at the 
point of time when the deceleration is stopped. This 
coincides the regeneration controlling completion timing 
of the CVT 21 and the motor-generator 12. As a result, 
the fluctuation of the drive force is reduced. 

A routine employed to restrict the shifting of the 
CVT 21 will now be described with reference to Fig. 12. 
Periodic interrupting is carried out every predetermined 
time period to execute the routine. When the ECU 50 
proceeds to this routine in step 300, the assist torque 
maximum value T M/G of the motor-generator 12 is 
obtained through a map stored in the ROM. The map is 
three-dimensional and consists of the engine speed N e , 
the capacitor voltage V, and the assist torque maximum 
value T M/G . These values are obtained through experi- 
ments. In other words, the controlling electric current 
value that may be supplied to the motor-generator 12 is 



obtained from the capacitor voltage V Thus, the assist 
torque maximum value T M/G is obtained from the capac- 
itor voltage V and the engine speed N e . 

The reason for monitoring the capacitor voltage V, 
s that is, the reason for obtaining the assist torque maxi- 
mum value T M/G is as follows. When assist controlling of 
the motor-generator 12 is performed, its electric power 
source is a large-capacity condenser (not shown). 
,When regeneration, controlling of the motor-generator 
10 12 is performed, its generated electric power charges 
the condenser. Accordingly, the capacitor voltage of the 
condenser is not maintained at a constant value due to 
the difference in the frequency in the execution of the 
assist controlling and the regeneration controlling. 
15 Thus, depending on the capacitor voltage, compensa- 
tion of the assist area shown in Fig. 4(b) may become 
impossible. Thus, monitoring the capacitor voltage V 
and obtaining the assist torque maximum value T M/G is 
extremely effective. 
20 At step S310, the ECU 50 reads the engine's 
moment of inertia l e , the motor-generator rotor's 
moment of inertia l r , and the CVT input shaft's moment 
of inertia I in , which are stored in the ROM. At step S320, 
the ECU 50 computes the total value i t of these moment 
25 of inertias. The ECU 50 then proceeds to step S330 and 
computes the input shaft maximum rotating speed 
altering rate AN inmax , which corresponds to the max- 
imum shifting speed of the input shaft 20 of the 
CVT 21. The altering rate AN inmax is obtained by divid- 
30 ing the assist torque maximum value T M/G with a multi- 
plied value calculated from the formula of 
constant K1 x moment of inertia total value It . 

The ECU 50 then proceeds to step S340 and 
judges whether the maximum rotating speed altering 
35 rate AN jnmax is smaller than the target rotating speed 
altering rate AN jn0 . The target rotating speed altering 
rate AN in0 is a differential value of the target input shaft 
rotating speed N jno under each corresponding condition 
and is obtained through a different routine. When it is 
40 determined that the maximum rotating speed altering 
rate AN inmax is greater than the target rotating speed 
altering rate AN ino in step S340, the ECU 50 proceeds 
to step S350 and sets the target rotating speed altering 
rate Ai\l ino as the target rotating speed altering rate 
45 AN ino for controlling the CVT 21 . When it is determined 
that the maximum rotating speed altering rate AN inmax 
is smaller than the target rotating speed altering rate 
AN jno in step $340, the ECU 50 proceeds to step S370 
and sets the maximum rotating speed altering rate AN jn . 
50 max as the target rotating speed altering rate AN jno for 
controlling the CVT 21. At step 360, the ECU 50 con- 
trols the shift control valve 58 of the CVT 21 in accord- 
ance with the target rotating speed altering rate AN ino , 
which is set in either step S350 or step S370. 
55 At step 340, when the maximum rotating speed 
altering rate AN jnmax is smaller than the target rotating 
speed altering rate AN ino , the ECU 50 proceeds to step 
S3 70 and set? the maximum rotating speed altering rate 
AN inmax as the target rotating speed altering rate AfM ino 
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for controlling the CVT 21 . This is carried out due to the 
reasons described below. 

If the target rotating speed altering rate AN ino is 
greater than the maximum rotating speed altering rate 
ANj nmax , setting the maximum rotating speed altering 5 
rate AN inmax as the target rotating speed altering rate 
AN ino allows reduction in the inclination (increasing rate) 
of the onset of N jno , shown in Fig. 4(a), and applies a 
guard. As a result, the inclination of the output torque, 
during controlling of the motor-generator 12 that is 10 
shown in Fig. 4(b) is reduced. This leads to a reduction 
of the assist area. If the target rotating speed altering 
rate AN jno is greater than the maximum rotating speed 
altering rate AN inmax> and this high target rotating speed 
altering rate AN ino is to be used as the target value, the is 
inclination (increasing rate) of the onset of N ino , shown 
in Fig. 4(a), would be increased. This results in an 
increase in the inclination of the output torque during 
controlling of the motor -generator 12. Thus, the assist 
area is increased and assist by the motor-generator 12 20 
becomes impossible. 

Accordingly, by controlling the shifting of the CVT 
21 based on the maximum rotating speed altering rate 
AN inmax. assist controlling of the motor-generator 12 
may be controlled regardless of the capacitor voltage V 25 
becoming low. This prevents the output torque from 
decreasing and improves drivability. 

A regeneration controlling routine which is executed 
by the ECU 50 during manual shift down will now be 
described with reference to Fig. 1 3. Periodic interrupting 30 
is carried out every predetermined time period to exe- 
cute the routine. 

When the ECU 50 enters this routine, at step S400, 
the ECU 50 judges whether a manual shift down flag 
XMSD is set at one. If the manual shift down flag XMSD 35 
is set at one, the ECU 50 determines that manual shift 
down had been carried out in the previous cycle and 
proceeds to step S430. At step S430, the ECU 50 
judges whether the gear is being manually shifted up 
from a second range (2) to a drive range (D) or from a 40 
low range (L) to the second range (2). If it is determined 
that manual shift up is taking place, the ECU 50 pro- 
ceeds to step S510 and resets the manual shift down 
flag XMSD to zero. The ECU 50 then terminates the 
routine. 45 

If the flag XMSD is set at zero in step S400, the 
ECU 50 determines that manual shift down had not 
been carried out in the previous cycle and proceeds to 
step S410. The manual shift down flag XMSD is initially 
reset at zero. At step S41 0, the ECU 50 judges whether so 
the gear is being manually shifted down from the drive 
range (D) to the second range (2) or from the second 
range (2) to the low range (L). The shifting is confirmed 
based on various signals sent from the shift range 
switch 55 when the gear is shifted to the drive, second, 55 
or low range. The ECU 50 compares the data of the sig- 
nals from the shift range switch 55 in the previous cycle 
with the data of the signals from the switch 55 in the 
present cycle to determine whether a shift down has 



taken place. If a shift down has not taken place, the 
ECU 50 stops execution of this routine. Contrarily, if a 
shift down has been performed, the ECU 50 proceeds 
to step S420 and sets the manual shift down flag XMSD 
to one. 

At step S430, the ECU 50 determines that manual 
shift up has not been performed. The ECU 50 then pro- 
ceeds to step 440 and reads the vehicle speed SPD and 
an acceleration rate a. The acceleration rate a is com- 
puted beforehand through a different routine based on 
the vehicle speed SPD. 

At step S450, the ECU 50 obtains the required neg- 
ative drive torque T Q through a map. The map is three- 
dimensional and includes the vehicle speed SPD, the 
acceleration rate a, and a negative drive torque. The 
map is obtained through experiments. 

In the subsequent step S460, the ECU 50 judges 
whether the absolute value of the negative drive torque 
T 0 is equal to or smaller than the absolute value of the 
maximum regeneration torque T M/Gmax . The maximum 
regeneration torque T M/Gmax is obtained through a dif- 
ferent routine. 

Fig. 14 illustrates a computing routine that is used 
to obtain the maximum regeneration torque. The com- 
puting routine is executed periodically Before describ- 
ing the computing routine, the definition of the maximum 
regeneration torque T M/Gmax will be given. The con- 
denser, which serves as an electric power source when 
regeneration controlling is performed, has been 
charged during the prior regeneration controlling and 
thus has a voltage V. The maximum voltage that may be 
obtained through the subsequent regeneration control- 
ling is computed from the difference between the maxi- 
mum capacitor voltage Vmax of the condenser and the 
charged voltage V of the condenser. Accordingly, the 
maximum regeneration torque T M/Gmax is obtained from 
the present condenser voltage V and the corresponding 
engine speed N e . 

Thus, at step S550, shown in Fig. 14, the ECU 50 
compares the present condenser voltage V and the cor- 
responding engine speed N e with a map. The map is 
three-dimensional and includes the condenser voltage 
V, the engine speed N e , and the torque. The map is 
obtained through experiments. The maximum regenera- 
tion torque T M/Gmax is obtained from the map. After step 
550, the ECU 50 terminates execution of this routine. 

Returning to the description of the original routine, 
if the absolute value of the negative drive torque T Q does 
not exceed the absolute value of the maximum regener- 
ation torque T M/Gmax of the motor-generator 12 in step 
S460, the ECU 50 proceeds to step S520. If the abso- 
lute value of the negative drive torque To exceeds the 
absolute value of the maximum regeneration .torque 
T M/Gmax of the motor-generator 12, the ECU 50 pro- 
ceeds to step S470. At step S470, the ECU 50 com- 
putes the difference AT between the negative drive 
torque T Q and the maximum regeneration torque 
T M/Gmax- Tn at 's. the negative drive torque \T of the 
CVT 21 is computed in this step. In step 480. the target 
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rotating speed N ino is obtained from a three-dimension 
map, which includes the negative drive torque AT, the 
vehicle speed SPD, and the input shaft rotating speed 
N in . The map is illustrated in Fig. 5. 

In the map shown in Fig. 5, the input rotating speed 
N in alters with respect to the vehicle speed SPD in 
accordance with the negative drive torque AT In other 
words, increase of the vehicle speed SPD results in an 
increase of the input shaft rotating speed N in . When the 
vehicle speed SPD is constant and the negative drive 
torque AT is large, or in the case the expression of 
AT1>AT2>AT3 is satisfied, the negative torque ATI 
becomes greater than the negative torque AT3 with 
respect to the input shaft rotating speed N irv 

At step S490, the ECU 50 controls the shift control 
valve 58 of the CVT 21 based on the target rotating 
speed N jno , which was set in step S480. At step S500, 
the maximum regeneration torque T M/Gmax is set as the 
first target regeneration torque T1 M/G . At step S530, the 
controlling electric current l M/G of the motor-generator 
12 is obtained from a map stored in the ROM. The map 
is three-dimensional and includes the engine speed N e , 
the torque T, and the controlling electric current value l n , 
which are obtained through experiments. The control- 
ling electric current value \ WG corresponding to the 
torque T and the engine speed N e are selected from this 
map. 

At step S540, the ECU 50 sends the controlling 
electric current value l M/G to the stator wire 33 of the 
motor-generator 12 and performs regeneration control- 
ling of the motor-generator 12. In other words, the 
motor-generator 12 functions as a generator and regen- 
erates electric current to charge the condenser. Electric 
power is obtained through the regeneration controlling. 
However, negative drive torque is consumed to produce 
the electric power. After step S540, the ECU 50 stops 
execution of the routine. 

Accordingly, by executing steps S470 to S540, the 
motor-generator 12 produces the maximum regenera- 
tion torque T M/Gmax and controls the shifting of the CVT 
21 to replenish the insufficient torque. The negative 
drive torque T 0 is obtained by controlling both the motor- 
generator 12 and the CVT 21. 

At step 460, if the absolute value of the required 
negative drive torque To is equal to or lower than the 
absolute value of the maximum regeneration torque 
T M/Gmax of the motor-generator 12, the ECU 50 pro- 
ceeds to step S520. At step 520, the ECU 50 sets the 
negative drive torque as the first target regeneration 
T 1M/G and proceeds to step S530. At step S530, the ; 
ECU 50 obtains the controlling electric current value 
l M/G from the map. At step 540, the controlling electric 
current value l M/G is sent to the motor-generator 12 (sta- 
tor wire 33) and regeneration controlling of the motor- 
generator 12 is performed. The ECU then terminates i 
execution of this routine. 

Accordingly, execution of steps S520 to S540 pro- 
duces the negative drive torque T Q required by the 
motor-generator 12. Thus, the shifting of the CVT 21 



becomes unnecessary. 

At step S460, if the absolute value of the required 
negative drive torque T 0 exceeds the absolute value of 
the maximum regeneration torque T M/Gmax of the 
s motor-generator 12, the ECU 50 carries out steps S470 
to S540. Through the steps of S470 to S540, the ECU 
50 produces the maximum regeneration torque T M/Gmax 
and controls shifting of the CVT 21 to replenish the 
insufficient torque. This suppresses the shift controlling 
io |S of the CVT 21 and prevents the belt of the CVT 21 from 
slipping. 

A control routine executed by the ECU 50 is shown 
in Fig. 15. The routine is performed when the CVT 21 is 
in a state that its speed is constant. The controlling of 

15 the CVT 21 will first be described. 

The ECU 50 controls the altering of the gear ratio of 
the CVT 21 based on shift flags that correspond to each 
shift state. Shift flag DF corresponds to sudden deceler- 
ation, shift flag DM corresponds to normal deceleration, 

20 shift flag DS corresponds to gradual deceleration, shift 
flag US corresponds to gradual acceleration, shift flag 
UM corresponds to normal acceleration, and shift flag 
UF corresponds to sudden acceleration. The ECU 50 
sets these shift flags based on input signals. The CVT 
25 21 is controlled based on the set shift flag. When the 
speed is constant and shifting is not performed, the 
ECU 50 alternately sets the shift flag DS and the shift 
fiag US. This controls the CVT 21 to repetitively perform 
gradual deceleration and gradual acceleration as shown 
30 in Fig. 6(b). By repeating acceleration and deceleration, 
the actual rotating speed N in fluctuates repetitively in a 
cyclic manner about the target rotating speed N ino . This 
controls the gear ratio so that it becomes substantially 
constant 

35 Periodic interrupting is carried out every predeter- 
mined time period to execute the routine illustrated in 
Fig. 15. When the ECU 50 enters this routine, the ECU 
50 determines whether the shift flag DS is set. If the 
shift flag DS is set, the ECU 50 proceeds to step S630 

to and performs assist controlling of the motor-generator 
12 by sending the predetermined controlling electric 
current value l M/G to the motor-generator 12, In other 
words, the motor-generator 12 functions as a motor and 
produces a predetermined torque T The predetermined 

ts controlling electric current value l M/G . is a value 
prestored in the ROM. The value corresponds to the 
torque required for assist when gradual deceleration is 
executed while in a constant speed state. 

If the shift flag DS is not set at step S600, the ECU 

■o 50 proceeds to step $61 0 and judges whether the shift 
flag US is set. At step S610, if it is determined that the 
shift flag US is not set, the ECU 50 stops executing this 
routine. If it is determined that the shift flag US is set in 
step S610, the ECU 50 proceeds to step S620. At step 

5 S620, constant regeneration controlling of the motor- 
generator 12 is performed by sending the controlling 
electric current value l M/G to the stator wire 33 of the 
motor-generator 12. 

In other words, the motor-generator 1 2 functions as 
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a generator and regenerates electric power to charge 
the condenser. By performing the regeneration control- 
ling, electric power is produced. However, drive torque 
is consumed to produce the electric power. The prede- 
termined controlled electric value l M/G for the regenera- 
tion controlling corresponds to the value prestored in 
the ROM. The torque consumed when performing 
regeneration controlling during execution of gradual 
acceleration in a constant speed state is obtained 
through experiments. 

In this routine, execution of steps S600 to S630 
results in constant assist controlling of the motor-gener- 
ator 12 being performed during gradual deceleration 
and constant regeneration controlling of the motor-gen- 
erator 12 being performed during gradual acceleration. 
The constant assist controlling and the constant regen- 
eration controlling are performed regardless of the 
cyclic fluctuation of the actual rotating speed N in of the 
CVT 21 due to gradual deceleration and graduaf accel- 
eration being carried out repetitively. Thus, the torque 
fluctuation produced when switching between gradual 
acceleration and gradual deceleration is suppressed. 

A control routine related to the temperature of the 
hydraulic oil in the motor-generator 12 wilt now be 
described with reference to Fig. 16. The purpose of exe- 
cuting this routine will first be described. When the tem- 
perature of the hydraulic oil (oil temperature) THO in the 
hydraulic cylinders 46, 47 is low, the movement of each 
cylinder 46, 47 is delayed with respect to the required oil 
pressure of the CVT 21 . In other words, as shown in Fig. 
8, the oil pressure which pushes the belt 39 becomes 
delayed initially if the oil temperature is low compared to 
when the oil temperature is normal. In this routine, 
regeneration controlling of the motor-generator 12 is 
performed to reduce engine torque. Accordingly, the 
torque sent to the CVT 21 is reduced and oil pressure 
becomes sufficient. 

When entering this routine, the ECU 50 judges 
whether an initial oil temperature flag XCLD is set at 
one. If set at one, the ECU 50 proceeds to step S750. If 
the flag XCLD is set at zero, the ECU 50 proceeds to 
step S710 and judges whether the oil temperature THO 
is lower than a predetermined reference oil temperature 
THOCLD. If the oil temperature THO is equal to or 
higher than the reference oil temperature THOCLD, the 
ECU 50 proceeds to step S820 and resets the flag 
XCLD to zero. The execution of this routine is then ter- 
minated. 

The reference oil temperature THOCLD corre- 
sponds to a lower limit that ensures normal functioning 
of the hydraulic oil. The value of the reference oil tem- 
perature THOCLD is obtained through experiments. 

If it is determined that the oil temperature THO is 
lower than the reference oil temperature THOCLD in 
step S710, the ECU 50 proceeds to step S720. At step 
S720, the ECU 50 determines whether the difference 
between the present throttle angle THRj and the throttle 
angle THR (M ) in the previous cycle is equal to or greater 
than zero, or in an accelerating state, if the difference 



between the present throttle angle THR } and the throttle 
angle THR( M ) in the previous cycle is smaller than zero, 
or in an decelerating state, the ECU 50 terminates exe- 
cution of this routine. If the difference between the 
5 present throttle angle THRj and the throttle angle THR (i . 
1} in the previous cycle is equal to or greater than zero, 
this indicates an accelerating state. In this case, the 
ECU 50 proceeds to step S730 and sets the present 
throttle angle THR as the initial throttle angle value 
10 THRO. The ECU 50 also sets the present correspond- 
ing engine speed N e as the initial engine speed value 
N eo . The ECU 50 then proceeds to step S740 and sets 
the initial oil temperature flag XCLD to one. 

Steps S710 to S740 are executed if the initial oil 
75 temperature flag XCLD is not first set at zero. Accord- 
ingly, if the flag XCLD is set at one in the previous cycle, 
the ECU 50 jumps from step S700 to step S750. 

At step S750, an engine torque T e is obtained 
through a map that is three-dimensional and includes 
20 the engine speed N e , the operating state corresponding 
to the throttle angle THR, and the engine torque T e . The 
three-dimensional map is obtained through experiments 
and is stored in the ROM. In step S750, the ECU 50 fur- 
ther obtains an initial engine torque T e0 through a map 
25 that is three-dimensional and consists of the initial 
engine speed value N eo , the initial throttle angle value 
THRO, and the engine torque Te. The map is obtained 
through experiments and experiments, and stored in the 
ROM. 

30 At step S760, a first delay caused by the controlling 
of the engine torque is computed through the next equa- 
tion. 

T^T.r^-T^XI-e-™) 

35 

In the above equation, t1 represents an engine 
onset time constant and is obtained through experi- 
ments. The value of t1 is a characteristic value of the 
engine 11. 

40 At step S770, a first delay caused by controlling the 
CVT transmission torque T ecv of the CVT 21 is com- 
puted through the next equation: 

T^Te-T^XI-e^ 2 ) 

45 

In the above equation, t2 represents a hydraulic 
pressure onset time constant and is obtained through 
experiments. The value of t2 is a characteristic value of 
the CVT 21 . The above two equations are both approx- 
so imate expressions. 

At step S780, the difference between the first delay 
T ecv of the CVT 21 and the first delay of the engine 
torque, or the second target regeneration torque T2 M/G 
is computed from the next equation. 

55 

M/G^ecv'^e 

At step S790, the ECU 50 compares the second 
target regeneration torque T2 M/G with a reference 
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regeneration torque T mjn . The reference regeneration 
torque T min is referred to in order to determine whether 
regeneration controlling should be performed in the fol- 
lowing steps, (f the second target regeneration torque 
T2 M/G is equal to or lower than the reference regenera- 5 
tion torque T mjni the second target regeneration torque 
T2 m/g is so small that regeneration controlling of the 
motor-generator 12 is not necessary. In other words, the 
difference between the first delay T ecv of the CVT 21 
and the first delay of the engine torque is small. Thus, to 
the ECU 50 terminates execution of this routine. If the 
second target regeneration torque T2 WG exceeds the 
reference regeneration torque T min , there is a necessity 
to perform regeneration controlling of the motor-genera- 
tor 12. 15 

At step S800, the ECU 50 obtains the controlled 
electric value l M/G from a map stored in the ROM. The 
map is three-dimensional and includes the engine 
speed N e , a torque T, and a controlling electric current 
value In. This map is obtained through experiments. At 20 
step S810, the ECU 50 sends the controlling electric 
current value ! M/G to the motor-generator 12 (the stator 
wire 33) and performs regeneration controlling of the 
motor-generator. That is, the motor-generator 12 func- 
tions as a generator and regenerates electric current. 25 
Although electric power is obtained by performing the 
regeneration controlling, engine torque is consumed to 
obtain the electric power. The area indicated by slanted 
lines in Fig. 8 shows the consumed engine torque. The 
ECU 50 terminates execution of this routine after step 30 
S810. 

The regeneration controlling continues as long as 
the oil temperature THO of the hydraulic oil in the 
hydraulic cylinders 46, 47 of the CVT 21 is lower than 
the reference oil temperature THOCLD and the acceler- 35 
ation state continues. When the oil temperature THO 
becomes higher than the reference oil temperature 
THOCLD, the regeneration controlling of the motor-gen- 
erator 12 is terminated. 

WhentheinputtorqueoftheCVT21 is smaller than 40 
the engine torque, the belt 39 of the CVT 21 has a ten- 
dency to slip. However, this routine reduces the engine 
torque and thus suppresses slipping of the belt 39. The 
suppression of the slipping of the belt 39 eliminates 
transmission loss of torque and thus improves energy 45 
efficiency. 2. 

Although only one embodiment of the present 
invention has been described herein, it should be 
apparent to those skilled in the art that the present 
invention may be embodied in many other specific so 
forms without departing from the spirit or scope of the 
invention. For example, the present invention may be 
modified as described below. 

(A) Instead of the condenser, the battery may be 55 
used as the electric power source for performing 
assist controlling and regeneration controlling of the 
motor-generator 12. 



(B) The altering rate of the actual rotating speed of 
the engine and the CVT 21 are computed in steps 
S70 and S160. However, it is not required to com- 
pute the altering rate of both the engine and the 
CVT 21 as long as either one of the two are com- 
puted. 

(C) At step S770, t2 represents the hydraulic pres- 
sure onset time constant and is a characteristic 
value of the CVT 21. Thus, t2 is a fixed value. How- 
ever, the value of t2 may be changed in accordance 
to the oil temperature. By changing the value of t2 in 
accordance with the oil temperature, regeneration 
controlling becomes more accurate. 

Therefore, the present examples and embodiments 
are to be considered as illustrative and not restrictive 
and the invention is not to be limited to the details given 
herein, but may be modified within the scope of the 
appended claims. 

Claims 

1. A control apparatus for a vehicle including a power 
transmitting system between an engine and 
wheels, said transmitting system having a continu- 
ously variable transmission (CVT) and a motor- 
generator actuated in one of a regenerating opera- 
tion mode and an assisting operation mode, 
wherein said motor-generator serves as a genera- 
tor in a regenerating operation mode and as a 
motor in an assisting operation mode, said appara- 
tus comprising: 

determining means for determining a shift of 
engine speed; 

computing means for computing a total 
moment of inertia of the engine, the CVT and 
the motor-generator; and 
correcting means for correcting the engine 
speed, said correcting means selecting one of 
the operation modes of the motor-generator to 
actuate the motor-generator based on the 
selected operation mode. 

The apparatus as set forth in Claim 1 further com- 
prising: 

detecting means for detecting a size of a throt- 
tle opening, wherein said determining means 
determines the engine speed shift by compar- 
ing the throttle opening of a current cycle to the 
throttle opening of a previous cycle to deter- 
mine an increase of the engine speed based on 
the throttle opening in the current cycle being 
greater than the throttle opening in the previous 
cycle, and a reduction of the engine speed 
based on the throttle opening in the current 
cycle being smaller than the throttle opening in 
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the previous cycle; and wherein said correcting 
means actuates the motor-generator in the 
assisting operation mode and the regenerating 
operation mode according to the determined 
shift of the engine speed. 5 

3. The apparatus as set forth in Claim 2 further com- 
prising: 

memory means for storing respective inertia 10 
moments of the engine, CVT and the motor- 
generator; and 

said computing means computing the torque of 
each of the engine, the CVT and the motor- 
generator based on each of the inertia 15 
moments and a difference between the engine 
speeds of the current cycle and the previous 
cycle, and the total amount of the torque. 

4. The apparatus as set forth in Claim 3, wherein said 20 
determining means compares a target rotational 
speed of the CVT to an actual rotational speed of 

the CVT to determine a completion of the increase 
of the engine speed based on the target rotational 
speed being greater than the actual rotational 25 
speed by at least a first predetermined value and a 
completion of the reduction of the engine speed 
based on the target rotational speed being smaller 
than the actual rotational speed by at least a sec- 
ond predetermined value, and wherein said deter- 30 
mining means nullifies the control operation of the 
motor-generator upon the determination. 

5. The apparatus as set forth in Claim 4 further includ- 
ing an electric control unit serving as said determin- 35 
ing means, said computing means and said 
correcting means. 

6. A control apparatus for a vehicle including a power 
transmitting system between an engine and 40 
wheels, said transmitting system having a continu- 
ously variable transmission (CVT) and a motor- 
generator actuated in one of a regenerating opera- 
tion mode and an assisting operation mode, 
wherein said motor-generator serves as a genera- 45 
tor in a regenerating operation mode and as a 
motor in an assisting operation mode, said appara- 
tus comprising: 

a power source for supplying an electric power so 
to the motor-generator actuated in the assist 
operation mode and charged by the motor-gen- 
erator actuated in the regenerating mode, 
wherein said motor-generator regenerates a 
maximum amount of voltage based on a cur- ss 
rently residual voltage of the power source; 
adjusting means for adjusting the rotational 
speed of the CVT; and 

control means for controlling the adjusting 



means based on the maximum electric power 
and a target rotational speed of the CVT 

7. The apparatus as set forth in Claim 6, wherein said 
control means includes: 

memory means for storing respective inertia 
moments of the engine, the CVT and the 
motor-generator; 

computing means for computing a total amount 
of torque of the engine, the CVT and the motor- 
generator, said computing means further com- 
puting a maximum shiftabfe speed based on 
the total amount of the torques and the maxi- 
mum amount of the voltage; 
regulating means for regulating a current target 
rotational speed of the CVT so that the current 
target rotational speed is smaller than the max- 
imum shiftabie speed of the CVT. 

8. The apparatus as set forth in Claim 7, wherein said 
regulating means includes converting means for 
forcibly equalizing the current target rotational 
speed to the maximum shiftabie speed of the CVT 
when the current target rotational speed is greater 
than the maximum shiftabie speed of the CVT. 

9. The apparatus as set forth in Claim 8, wherein said 
regulating means includes comparing means for 
comparing a differential value of the current target 
rotational speed with the maximum shiftabie speed 
of the CVT 

10. The apparatus as set forth in Claim 9, wherein said 
CVT includes: 

an input shaft capable of receiving the engine 
power; 

a pair of input plates relatively movable away 
from and toward each other on the input shaft; 
an output shaft: 

a pair of output plates relatively movable away 
from and toward each other on the output shaft; 
a power transmitting belt for operably connect- 
ing the input plates and the output plates; and 
said CVT selectively increasing and reducing a 
rotational speed thereof based on the relative 
movement of the input pfates toward and away 
form each other. 

11. The apparatus as set forth in Claim 10, wherein the 
adjusting means includes: 

a hydraulic cylinder for moving one of the input 
plates based on hydraulic pressure therein; 
and 

an electromagnetic valve for controlling the 
hydraulic pressure in the hydraulic cylinder. 
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1 2. The apparatus as set forth in Claim 1 1 , said control 
means includes an electric control unit for output- 
ting an electric signal to the electromagnetic valve. 

1 3. A control apparatus for a vehicle including a power 5 
transmitting system between an engine and 
wheels, said transmitting system having a continu- 
ously variable transmission (CVT) and a motor- 
generator actuated in one of a regenerating opera- 
tion mode and an assisting operation mode, 10 - 
wherein said motor-generator serves as a genera- 
tor in a regenerating operation mode and as a 
motor in an assisting operation mode, wherein the 
motor-generator actuated in the regenerating oper- 
ation mode charges power source to induce torque is 
required for reducing the engine speed, wherein a 
maximum chargeable voltage is determined based 
on a currently residual voltage in the power source, 
and wherein speed of the vehicle is manually 
shifted, said apparatus comprising: 20 

detecting means for detecting the manual shift 
operation for reducing a speed of the vehicle- 
computing means for computing the required 
torque based on the vehicle speed and an 25 
acceleration of the vehicle; 
comparing means for comparing the required 
torque and the maximum chargeable voltage; 
control means for controlling the motor-genera- 
tor, wherein said control means actuates the 30 
motor-generator in the regenerating operation 
mode based on the required torque being 
smaller than the maximum chargeable voltage, 
and wherein said control means controls to 
reduce the rotational speed of the CVT based 35 
on an excessive level of the required torque 
when the required torque is greater than the 
maximum chargeable voltage. 

14. The apparatus as set forth in Claim 13, wherein 40 
said maximum chargeable voltage is computed 
based on a maximum capacitance and accumu- 
lated voltage of the power source . 

15. The apparatus as set forth in Claim 14, wherein 45 
said CVT includes: 

an input shaft capable of receiving the engine 
power; 

a pair of input plates relatively movable away so 
from and toward each other on the input shaft; 
an output shaft: 

a pair of output plates relatively movable away 
from and toward each other on the output shaft; 
a power transmitting belt for operably connect- 55 
ing the input plates and the output plates; and 
said CVT selectively increasing and reducing 
the rotational speed thereof based on the rela- 
tive movement of the input plates toward and 



away form each other. 

16. The apparatus as set forth in Claim 15, wherein the 
adjusting means includes: 

a hydraulic cylinder for moving one of the input 
plates in accordance with hydraulic pressure 
therein; and 

an electromagnetic valve for controlling the 
hydraulic pressure in the hydraulic cylinder. 

17. The apparatus as set forth in Claim 16, wherein 
said control means computes an insufficient level of 
the maximum chargeable voltage with respect to 
the required torque, and wherein said control 
means controls the electromagnetic valve to reduce 
the rotational speed of the CVT based on the insuf- 
ficient level. 

18. A control apparatus for a vehicle including a power 
transmitting system between an engine and 
wheels, said transmitting system having a continu- 
ously variable transmission (CVT) and a motor- 
generator actuated in one of a regenerating opera- 
tion mode to reduce engine speed and an assisting 
operation mode to increase the engine speed, said 
apparatus comprising: 

recognizing means for recognizing a shift of the 
engine speed shift; and 
actuating means for actuating the motor-gener- 
ator in one of the operation modes in accord- 
ance with the recognized shift of the engine 
speed. 

19. The apparatus as set forth in Claim 18, wherein 
said recognizing means includes an electric control 
unit (ECU) for setting a current flag when the ECU 
recognizes the shift of the engine speed and for 
resetting a previous flag. 

20. The apparatus as set forth in Claim 19, wherein 
said actuating means includes said electric control 
unit for actuating the motor-generator in the regen- 
erating operation mode according to the flag indica- 
tive of an increase the engine speed increase and 
in the assisting operation mode according to the 
flag indicative of a reduction of the engine speed. 

21. The apparatus as set forth in Claim 20, wherein 
said motor-generator is alternately actuated in the 
regenerating operation mode and the assisting 
operation mode to substantially average vehicle 
speed. 

22. A control apparatus for a vehicle including a power 
transmitting system between an engine and 
wheels, said transmitting system having a continu- 
ously variable transmission (CVT) and a motor- 
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generator actuated in one of a regenerating opera^ 
tion mode to charge a power source and reduce the 
engine speed and an assisting operation mode to 
increase the engine speed, said apparatus com- 
prising: 5 



hydraulic control means for controlling said 
CVT; 

detecting means for detecting a temperature of 
fluid in the hydraulic control means being 10 
smaller than a predetermined magnitude, 
wherein said predetermined magnitude is a 
minimum level for ensuring a start-up pressure 
of the fluid; 

determining means for determining an is 
increase of the engine speed; 
computing means for computing torque 
required to reduce the engine speed in associ- 
ation with a delay of the start-up pressure of 
the fluid; and 20 
actuating means for actuating the motor-gener- 
ator in the regenerating mode to charge the 
power source with voltage based on the 
required torque. 

25 

23. The apparatus as set forth in Claim 22, wherein 
said computing means computes the required 
torque based on a difference between a start-up 
delay of the engine and a start-up delay of the CVT. 

30 

24. The apparatus as set forth in Claim 23, wherein 
said CVT includes: 



an input shaft capable of receiving the engine 
power; 35 
a pair of input plates relatively movable away 
from and toward each other on the input shaft; 
an output shaft: 

a pair of output plates relatively movable away 
from and toward each other on the output shaft; 40 
a power transmitting belt for operably connect- 
ing the input plates and the output plates; and 
said CVT selectively increasing and reducing 
the rotational speed thereof based on the rela- 
tive movement of the input plates toward and 45 
away form each other. 

25. The apparatus as set forth in Claim 24, wherein the 
adjusting means includes: 

50 

a hydraulic cylinder for moving one of the input 
plates in accordance with hydraulic pressure 
therein; and 

an electromagnetic valve for controlling the 
hydraulic pressure in the hydraulic cylinder. ss 
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(54) Controller for vehicle 

(57) A control apparatus for a vehicle includes a 
power transmitting system between an engine and 
wheels. The transmitting system has a continuously var- 
iable transmission (CVT) and a motor-generator actu- 
ated in one of a regenerating operation mode and an 
assisting operation mode. The motor-generator serves 
as a generator in a regenerating operation mode and as 
a motor in an assisting operation mode. The apparatus 
includes an electric control unit (ECU) that determines a 
shift of engine speed, computes the total amount of 
torque of the engine, the CVT and the motor-generator 
and selects one of the operation modes and actuates 
the motor-generator base on the selected operation 
mode to corrects the engine speed. 
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